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PURPOSE: To attain stable equalizing operation and decoding by detecting zero 
level of a signal digital waveform multiplexed with an analog signal and sub- 
tracting this zero level from an input signal to attain level shift. 

CONSTITUTION: A signal is inputted to a timing circuit 14 via an AGC circuit 
12 and an A/D converter 13 and the circuit 14 detects a multiplex position of 
a character signal and gives a timing signal 15 whose level is inverted during 
the period representing the multiplex position to a level shift circuit 16. A 
character signal 21 inputted from the converter 13 is supplied to a waveform 
memory 23 and a subtractor 22 in the circuit 16 and an operation processing 
circuit 24 detects a zero level of the character signal by reading the signal 21 
from the memory 23 in the timing given by the signal 15. This zero level is 
stored in a memory 25 as a shift level, and this shift level 26 is subtracted from 
the signal 21 by the subtractor 22. Further, a character signal 27 whose level 
is shifted is subjected to distortion correction by a waveform equalizer 17. 
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(54) ECHO CANCELLER DEVICE 
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PURPOSE: To decrease the required number of .bits of a D/A converter by provid- 
ing two adaptive digital filters and canceling roughly echo by one fitter and then 
canceling the remaining echo by the other. 

CONSTITUTION: An output of the D/A converter 9 is. inputted to the adaptive 
digital filter (ADFi)5i via switches 14! , 14 ? by a signal from a timing generating 
circuit 15. An output of the ADF l 5 l is supplied to an adder 13i via D/A con- 
verters 6 lt 6 2 and an echo replica depending on the transmission data supplied 
to an input terminal 1 appears at an output of the adder 13^ In the 2nd step 
next, the switches 14H.142 are switched, an output of the converter 9 is given to 
the adaptive digital filter (ADF 2 )5 2 , which starts an operation properly. This is 
operated so as to decrease the residual echo appearing at the output of a sub- 
tractor 7 t . 
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3: transmission section, 4: receiving section, 12: 2-wire trans- 
mission line 
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OPTICAL TRANSMISSION LINE 
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(21) Appl. No. 58-85289 (22) 16.5.1983 
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PURPOSE: To decrease inertion losses and to quicken the response speed by 
inserting an active waveguide path having P-N junction in an optical transmis- 
sion line and amplifying propagated light with a forward bias normally to 
extract the optical signal as an electric signal at a reverse bias. 

CONSTITUTION: Laser light. 1 for signal transmission is coupled with the active 
waveguide device 3 having the P-N junction via an optical system 2. In applying 
a forward bias across the P-N junction of the waveguide path 3, the laser light 
1 is amplified and irradiated from the waveguide path 3 ad irradiated light 4. 
On the other hand, in . applying a reverse bias across the waveguide path 3, the 
laser light 1 is absorbed while being travelled through the active waveguide path 
3 and extracted externally as a light current. Thus, the light is amplified and 
irradiated to the next stage or the light is extracted as the electric signal by 
changing over the bias state of the waveguide path 3 in this way. 
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Japanese Published Unexamined Patent Application (A) No. 59-211339, published 
November 30, 1984; Application Filing No. 58-85289, filed May 16, 1983; 
Inventor(s): Masahiko Fuji war a et al.; Assignee: Nippon Electric Corporation; 
Japanese Title: Method to Extract Data Signals from Light Transmission Path at 
Some Point Along the Path. 

METHOD TO EXTRACT DATA SIGNALS FROM 
LIGHT TRANSMISSION PATH AT SOME POINT ALONG THE PATH 

CLAIM(S) 

A method to extract a data signal as an electrical signal from a light 
transmission path at some point along the path by inserting an active waveguide 
path having a p-n junction made of semiconductor material into the light 
transmission path at some point along the path, putting said active waveguide path 
into a normal bias state, and putting said active waveguide path into a reverse bias 
state when the data signal is extracted. 
DETAILED DESCRIPTION OF THE INVENTION 

The present invention pertains to a method to electrically extract data signals 
from a light path at some point along the path. 

Along with recent extended applications of an optic communication system, 
new devices having various functions are highly demanded. One of them is a device 
(generally called coupler) that extracts signals from a light transmission path at 
some point along the path. This device is demanded for use in extracting optical 
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transmission signals at multiple points along the optical transmission path in small 
intra communication system such as an optical data bus or optical loop. To embody 
such a coupler, the following 3 methods can be considered. 

1) Method for using a light splitter. 

2) Method for detecting the light signals by an optical switch only when needed. 

3) Method for using a repeater. 

They are explains in detail below. In method 1), a light splitter is inserted at 
some point along the transmission path, and the light signal being transmitted is 
guided to a photo-detector system. With this method, the device used is very 
inexpensive and simple, but the insertion of a splitter causes a problem of a loss of 
light in the main transmission path. In method 2), a light switch is used in stead of a 
light splitter. This comes with an advantage that the most of the light is transmitted 
without loss when there is no need of extracting the light signal. At present, 
however, the usable switch has a low response, although there is not much loss in 
case of mechanical insertion. With a non-mechanical method, the speed is fast but 
there are problems of limiting the light mode, polarized electromagnetic radiation, 
and insertion loss, which results in limiting its application. In method 3, the light is 
O/E converted once into the electrical signal by the detection system, as in a repeater 
used for general optic communications system. Then, the data signal put into the 
electrical signal is allocated to a driving circuit and a signal detection circuit of the 
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E/O converting device (laser or light-emitting diode) for the subsequent light 
transmission. This device is a reproduction amplifying device, so the insertion loss 
needs not be taken into consideration, and the deformed waveform can be corrected, 
which is advantageous. However, one unit of repeater is very expensive and 
complex, and the need of many repeaters for one system is problematic in terms of 
cost and reliability. 

As mentioned above, the prior art coupler comes with strengths and 
weaknesses, and there has never been an appropriate one available. The present 
invention, to eliminate the aforementioned problems, attempts to present a method 
to extract data signals from a light transmission path, which is simply structured, 
inexpensive, and excellent in response speed without an insertion loss, at some point 
along the path. 

In the method to extract the data signal from the light transmission path at 
some point along the path, an active waveguide path having a p-n junction made of 
semiconductor is inserted in the light transmission path at some point along the 
path; the active waveguide path is put into a forward bias state to amplify the 
transmitted light; and the active waveguide path is put into a reverse bias state to 
extract the light signal in form of electrical signal. 

To embody the method of the present invention, it is necessary to use a device 
that comprises: a pair of coupled circuits installed before and after the active wave 
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guide path having a p-n junction and between the light transmission path and the 
active waveguide path; a means to charge the forward bias into the active 
waveguide path; a means to charge the reverse bias into the active waveguide path 
and detect the optical current; a means to switch the connection between the means 
to charge the forward bias to the active waveguide path and the means to charge the 
reverse bias and detect the optical current, according to the control signal. The 
present invention is explained below with reference to the drawings. 

With the active waveguide path, wherein the reverse distribution can be 
formed by current supply to the p-n junction inside the waveguide path made of 
general semiconductor material, it is known that the guided light is amplified when 
the light with a wavelength near the gain spectrum is guided. The semiconductor 
imbedded type laser takes advantage of this phenomenon, and a double hetero 
junction made of GaAlAs/GaAs or InGaAsP/InP in particular is used. It has 
recently been attempted to use this as a light amplifier for amplifying the externally 
supplied light rather than a laser. On the other hand, with the p-n junction in a 
semiconductor, when the light having energy higher than band gap energy at a time 
of charging the reverse energy, a pair of electron and generated positive hole drifts 
across the depletion layer generated by the reverse bias charging, and generate the 
optical current. In other words, this works as a photo-diode, and by using this 
advantage, the p-n junction made of materials, Si, Ge, and InGaAs is used as a light 
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detector. 

Moreover, the above fact shows that, if the p-n junction that works as a light 
amplifier or semiconductor laser in forward bias state, it can also be used as a 
photo-diode for detecting the light that can be amplified or oscillated in forward bias 
state. It is already attempted that a semiconductor laser is divided into two parts by 
etching the center and one side is used as a laser while the other side is used as a 
photo-diode for monitoring. As mentioned above, in the present invention, the 
active waveguide path with a p-n junction can be used as a light amplifier or light 
detector depending upon the forward bias or reverse bias state. 

Fig. 1 shows a diagram indicating the theory of the present invention. The 
signal transmitting laser light 1 is coupled to active waveguide path 3 having the p-n 
junction by appropriate optical system 2. As for the material of active waveguide 
path 3, it is selected based on such a condition that the wavelength of the laser 1 
comes near the peak of the light absorption spectrum. More specifically, the same 
material as that of the semiconductor laser generating the laser light 1 can be used. 
When the forward bias is charged into both ends of the p-n junction of active 
waveguide path 3, laser light 1 is amplified and emitted from the active waveguide 
path 3 in form of emission light 4. Therefore, the active waveguide path can have a 
resonance structure like that of the laser, or an advancing waveform. On the other 
hand, when the reverse bias is charged into both ends of the active waveguide path 
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3, the laser light 1 is absorbed while advancing inside the active waveguide path 3 
and is output to the outside as a photo electric current. Accordingly, the light is 
amplified and emitted to the following stage by electrically switching the bias state 
of the active waveguide path, from the outside, and the light can be output in form of 
electrical signal. By this method, when the light is not extracted, the light is 
amplified, so the insertion loss is 0 or negative, and the response speed and switching 
can be very fast. The structure is not so complex as in the case of using the 
repeaters, so the data signal can be extracted from the convenient and inexpensive 
light transmission path at some point along the path by the method of the present 
invention. 

Fig. 2 shows a diagram of one example to embody the method to extract the 
data signal from the light transmission path at some point along the path in the 
present invention. The laser light 11a emitted from the light transmission path 10a 
(presumed to be an optic fiber) is coupled with active waveguide path 3 having the 
p-n junction by the coupled circuit 12a. The emitted light lib from the active 
waveguide path 3 is again coupled to the light transmission path 10a by the coupled 
circuit 12b and is transmitted. To the p-n junction electrode of the active waveguide 
path 3, the forward bias charging circuit 16 and reverse bias charging circuit 14 are 
connected via the switching circuit 13, and by the control signal supplied to the 
switching circuit 13, the bias status of the p-n junction is switched. As explained 
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above, when the switching circuit 13 is connected to the forward bias charging 
circuit 16, the emitted light lib from the active waveguide 3 is amplified and 
supplied to the light transmission path 10b and transmitted. Under this condition, 
the light is amplified, therefore, can compensate the coupling loss in the coupled 
circuits, 12a, 12a, even if the loss occurs, so the insertion loss needs not be 
considered. When the light signal needs to be detected, the switching circuit 13 is 
switched to connect the active waveguide path 3 to the reverse bias charging circuit 
16. In this case, the light is absorbed while being guided in the active waveguide 
path 3, generating the positive hole - electron pair, so the light signal transmitted is 
output to the terminal 15 as an electrical current, allowing the light signal detection. 
For the reverse bias charging circuit 14, forward bias charging circuit 16, a general 
photo diode, and a semiconductor laser can be used, or a similar simple circuit can 
be used. Also, even if the switching circuit 13 uses a switching circuit made by a 
normal electric devise, sufficiently high response speed can be expected. As for the 
active waveguide path 3, the one made of material generally used for a 
semiconductor laser is appropriate. More specifically, an appropriate material is 
the one having a double hetero junction or multi-quantum well structure made of 
GaAlAs/GaAs or InGaAsP/InP is appropriate. As explained earlier, the active 
waveguide path 3 may be a resonator type similar to a semiconductor laser, or can 
be an advanced waveform type. In the embodiment example of Fig. 2, the coupled 
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circuit, 12a, 12b, are separately structured from the active waveguide path 3, but it 
is possible that the coupled circuits can be integrated into the same substrate by 
using a semiconductor or a dielectric body having a low light-absorption loss 
composition. Such a structure has advantage in ease of adjustment in 
manufacturing and stability in displacement 

As explained above, by the present invention, a method to extract a data 
signal from a relatively simply structured light transmission path at some point 
along the path and its device can be manufactured with fast response speed and with 
no insertion loss. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows a diagram indicating the theory for the method to extract the 
data signal from the light transmission path at some point along the path. Fig. 1 
shows a diagram of the device as one embodiment example used for the method to 
extract the data signal from the light transmission path at some point along the path. 

1, 4, 11a, lib. Laser light 
2, 12a, 12b. Coupled circuits 
3. Active waveguide path 
10a, 10b. Light transmission path 
13. Switching circuit 
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14. Reverse bias charging circuit 

15. Terminal 

16. Forward bias charging circuit 
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